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Project Introduction

Through this CIF project, molybdenum (Mo) matrix cermets will be produced
via an innovative direct current consolidation technique and hot hydrogen
tested using surrogate materials in place of the uranium dioxide (UO2)
particles. The objective of this CIF is to identify the maximum use temperature
and characterize fuel system behavior under steady state and thermal cycling
conditions for low absorbing Mo matrix fuels as an alternative to tungsten (W).

Anticipated Benefits

Through the use of a hydrogen (H2) propellant, nuclear thermal propulsion
(NTP) is a non-chemical propulsion technology capable of high specific impulse
(850 - 900 s) and thrust (100 - 1,100 kN) allowing for reduced trip times for
crewed missions to beyond LEO. Neutronic analyses, undertaken by NASA
partners, have predicted that low enriched uranium (LEU) fueled nuclear
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0 September 2018: Closed out

Closeout Summary: Molybdenum cermets for nuclear thermal propulsion appli
cations have been produced via a two-step powder blending, spark plasma sinte
ring process. Produced subscale samples coupons with cermet microstructures c
ontaining volume loadings of 40 - 70% ceramic particles have been demonstrate
d. Production parameter optimization has been performed and as-produced sam
ple microstructures characterized to enable identification of production paramete
rs which allow for the most desirable sample microstructures. As produced samp
les have been tested under steady state and thermal cycling conditions in hot flo
wing H2 at relevant timescales (up to 80 minutes) and temperatures (up to 225
0 K) for NTP relevant conditions. Samples retained structural integrity througho
ut testing with minimal mass loss. Upcoming testing is planned to test cermet fu
els under extreme temperatures (2500, 2750 K) in NTP relevant environments.
Forward work aims to work to transition production processes from the lab scale
to the production scale include assessing geometry, scalability effects and integr
ation of relevant cladding techniques in order to demonstrate full length fuel ele
ments. Future verification testing should aim to test Mo cermets to failure, in or
der to characterize total temperature dependent lifetime capability, as well as pr
obe the effect of H2 pressure and flow rate on cermet fuel failure mechanisms.
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Technology Areas
Primary:

e TXO01 Propulsion Systems
- TX01.4 Advanced
Propulsion
- TX01.4.3 Nuclear
Thermal Propulsion

Target Destinations
Mars, Others Inside the Solar
System, Outside the Solar
System
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